We analyze cubic spin 3 interaction in AdS space using the higher spin extension of string-theoretic sigma-model constructed in our previous work, which low energy limit is described by AdS vacuum solution. We find that, in the leading order of the cosmological constant, the spin 3 correlator on the AdS 4 string theory side reproduces the structure of 3-point function of composite operators, quadratic in free fields, in the dual d = 3 vector model. The cancellation of holography violating terms in d = 3 is related to the value of the Liouville background charge in d = 4.
Introduction
It is common to think of AdS/CF T holography as of duality between semiclassical limit of supergravity with negative cosmological constant and conformal field theory (CFT) living on the boundary of its vacuum solution (AdS space). This, however, is the low energy approximation; in the stronger sense the AdS/CF T conjecture means that the correlation functions of physical vertex operators computed in closed string theory in anti-de Sitter background must reproduce the correlators of the corresponding conformally invariant observables on the CFT side [1] , [2] , [3] . Regardless of space-time dimension, higher spin fields in AdS space (with various symmetries) inevitably have to play critical role in AdS/CFT holography since the overwhelming number of operators on the CFT (gauge theory side), for example, those of the type
simply have no choice but to match the higher spin objects propagating in AdS space-time (and possibly polarized along the direction of the boundary). In particular, it has been conjectured [4] , [5] that , in case of AdS 4 /CF T 3 , the symmetric fields of spin s in AdS 4
described by Vasiliev's unfolding formalism (e.g. see [6] , [7] , [8] , [9] , [10] , [11] , [12] are dual to the symmetrized objects of the type (1) at the conformal points of the O(N ) vector model in d = 3 for even values of s and the U (N ) model for odd spins. This conjecture has been checked explicitly in important papers [13] , [14] , [15] and later analyzed in a number of insightful works, e.g. [16] , [17] , [18] , [19] , [20] whose results suggest the importance of the free field theory limit in the O(N )/HS duality, despite the fact that MaldacenaZhiboedov theorem can be circumvented under certain assumptions [18] . Apart from the low-energy limit, the dynamics of these higher spin fields is described by physical vertex operators in open or closed string theories in anti-de Sitter space and their worldsheet correlation functions. In particular, the AdS/CF T duality conjecture strongly suggests the existence of infinite tower of massless higher spin states in the string spectrum in AdS space-time. In practice, however, little is known about AdS string theory dynamics beyond semiclassical limit, since straightforward quantization of string theory in AdS space-time is not known (e.g. see [21] ). Another important point is that, in the standard description, the string excitations correspond to the space-time fields in the metric [22] , [23] , [24] , [25] , [26] , [27] , [28] , [29] , [30] , [31] rather than unfolded formulation, while it is the unfolded formalism which is the most natural and efficient frame-work to approach the problem of the higher spin extension of the AdS/CF T duality [4] , [5] , [13] , [14] , [15] , [18] , [32] .
In one of the recent works [33] we constructed the string-theoretic sigma model based on hidden space-time symmetry generators in RNS formalism, realizing AdS d isometry group. The model is initially defined in the flat background, however, when perturbed by the vertex operators based on the hidden AdS isometry generators, it flows to the new fixed 2d conformal point, corresponding to AdS geometry in space-time. This can be shown by analyzing the conformal beta-function of the sigma-model, resulting in the low-energy effective equations of motion, describing (in the leading order) the AdS d vacuum solutions of gravity with negative cosmological constant in the Mac Dowell-Mansouri-Stelle-West description [34] , [35] , [36] Remarkably, the closed string vertex operators, constructed in [33] describe the gravitational excitations around the AdS vacuum in the frame, rather than metric formalism -i.e. in terms of the vielbein and spin connection gauge fields. In this paper we extend our analysis of this sigma-model to include the excitations corresponding to massless higher spin fields in the frame-like Vasiliev's approach. The string-theoretic vertex operators for the frame-like higher spin fields have been constructed in our earlier work [37] where we performed their BRST analysis and analyzed their correlators in flat space, showing them to lead to Berends -Burgers -Van Dam type [38] cubic spin 3
interactions [39] , [40] , [41] , [24] , [42] , [43] , [44] , [45] , [46] , [47] , [48] , [49] , [50] in flat space.
In the current paper we extend this analysis using the sigma-model approach [33] in order to study the AdS deformations of these cubic interactions and their relevance to higher spin holography problem [18] , [13] , [14] , [15] , [16] , [17] , [19] , [20] , [51] , [52] , [53] , [54] , in the context of [5] . We find that, in the leading nontrivial order in ρ −1 , the cubic spin 3 interaction reproduces the correlators of the operators of type (1) in the free field limit of the U (N ) model in d = 3. In particular, in this limit the cubic spin 3 interaction is dominated by the 9-derivative terms, while the lower derivative terms (posing a potential threat to the holography) are absent as their cancellation is ensured by the ghost number selection rules for the vertex operators and by the value of the Liouville background charge
The terms with the lower number of derivatives, however, are generally present in the sigma-model for d = 4. In addition, in the d = 4 case these terms may still appear in the higher order corrections in α ′ (corresponding to 1 N corrections in the dual theory). Next, it is the momentum behaviour and the pole structure of the string-theoretic spin 3 amplitude in the sigma-model that corresponds to the field-theoretic pole structure of the 3-point amplitude of the operators (1) of the dual theory in the momentum space.
In the following sections, we shall use the AdS string sigma-model to perform the explicit computation of the 3-point correlators using the vertex operators for spin 3 fields in the frame-like formalism (in the leading nontrivial orders in Λ and α ′ ) and discuss physical implications of our results.
Sigma-Model for AdS Strings and Vertex Operators
for Frame-like Higher Spin Fields: a Brief Review
The sigma-model for AdS strings constructed in [33] is based on hidden space-time symmetry generators in RNS superstring theory. Namely, consider the RNS superstring theory in flat space with the action given by:
where ϕ, λ, F are components of super Liouville field and the Liouville background charge
The ghost fields b, c, β, γ are bosonized according to
and the BRST charge is
Then, in the limit µ 0 → 0 the action (2) is symmetric under the global space-time transformations generated by
where the homotopy transform of an operator V K • V is defined according to
where w is some arbitrary point on the worldsheet, U and W are the operators defined according to
is the homotopy operator satisfying {Q brst , K} = 1 and N is the leading order of the operator product
The operators T m and T mn then can be shown to satisfy the AdS isometry algebra with the cosmological constant Λ = − 1 ρ 2 [33] :
The minus sign in the last commutator is actually highly nontrivial and is related to the subtleties of OPE and picture equivalence relations analyzed in [33] . The AdS isometry algebra (11) also admits another Realization in terms of the operators (S m , L mn ) where
is the same full rotation operator (6) (where the K• represents the homotopy transformation to ensure the BRST-invariance) while S m is the homotopy transformation of the operator dz 2iπ λψ m , representing the rotation in the Liouville-matter plane:
The conformal weight n polynomials P (n) aφ+bχ+cσ (where a, b, c are some constants) are defined according to (14) (with the product taken in algebraic rather than OPE sense)
Starting from the symmetry generators (6), (13) , one can construct the closed string vertex operator describing the dynamics of vielbeins and spin connection gauge fields in space-time [33] 
where
or manifestly
where the partial homotopy transform T →L = K Υ • T of an operator T based on Υ is defined according to
where N is the leading order of the OPE of K and Υ. Particularly, if [Q, T ] = Υ, the partial homotopy transform obviously coincides with the usual homotopy transform. Next,
at the minimal negative picture −3 representation
at the minimal positive picture +1 representation. (similarly for its holomorphic counterpart L a ) Then,
and
In the limit of zero momentum the holomorphic and the antiholomorphic components of the operator correspond to AdS isometry generators in different realizations, described above. The BRST invariance imposes the following on-shell constraints on vielbein and connection fields:
The first two constraints represent the linearized equations R AB = 0 (the first one being the zero torsion constraint T a = R ad = 0 while the second reproducing vanishing Lorenz curvature R ab = 0). The last two constraints represent the gauge fixing conditions related to the diffeomorphism symmetries. The fact that the BRST invariance leads to spacetime equations in a certain gauge is not surprising if we recall that similar constraints on a standard vertex operator of a photon also lead to Maxwell's equations in the Lorenz gauge.
Provided that the constraints (25) are satisfied, the vertex operator G(p) can be written as a BRST commutator in the large Hilbert space plus terms that are manifestly in the small Hilbert space, according to
This particularly implies that , modulo gauge transformations, the vertex operator G(p)
is the element of the small Hilbert space.
The linearized gauge symmetry transformations for vielbein and connection gauge fields are given by:
where we write (27) in the momentum space is
The two terms of the variation (28) are BRST exact in the small Hilbert space (and therefore are irrelevant in correlators) since
Therefore gauge transformations of e and ω shift G(p) by terms not contributing to 
with the solution given by the AdS vacuum [34] . From the 2-dimensional point of view this means that the RNS theory, initially defined in the flat space and perturbed with G(p), flows to new fixed conformal point corresponding to theory in the new space-time background, namely, AdS. The next step is to introduce the higher spin excitations.
The vertex operators, describing the dynamics of the massless higher spin s ≥ 3 fields in Vasiliev's frame-like formalism, can be constructed in the open string sector of the extended RNS superstring theory.Such a construction has been recently performed in [37] .
In the frame-like approach, the spin 3 field is described by the dynamical space-time field by generalized zero torsion constraints [37] The vertex operators for the dynamical ω 2|0 -field for the massless spin 3 are given by:
at unintegrated minimal negative picture and
at integrated minimal positive picture +1. These operators are the elements of superconformal ghost cohomology H 1 ∼ H −3 [37] The vertex operators for the first auxiliary field ω 2|1 are given by
at negative (unintegrated) representation and 
at negative (unintegrated) representation and
at positive (integrated) representation. The V
2|2
± operators are the elements of H 3 ∼ H −5 and the cohomology constraint leads to the second generalized torsion condition relating ω 2|2 (p) and ω 2|1 (p) up to BRST exact terms:
. Combining the AdS sigma-model construction [33] with expressions for vertex operators describing the higher spin excitations in unfolded formalism, the generating functional for the model describing the higher spin dynamics in AdS space is given by
where {ω s−1|t } is the set of dynamical and auxiliary fields for the spin s > 2 and V
are the corresponding massless vertex operators in open string theory. In this paper we shall restrict ourselves to the spin 3 case. The correlation functions describing the higher spin interactions in the AdS space are then given by
In the rest of the paper, for the sake of the holographic context, we shall assume that 
Holographic Spin 3 Vertex in AdS background: preliminaries
In the previous work [37] we computed the three-point function of the spin 3 vertex
operators ( 
where u is an arbitrary point which choice is irrelevant to the correlators since all the u-derivatives of L a are BRST-exact in the small Hilbert space [55] . For our purposes, it shall be particularly convenient to choose u = −i on the unit disc boundary. Finally
where G (4) (φ, χ, ψ, λ, X) and G (12) (φ, χ, ψ, λ, X) are certain operators of conformal dimensions 4 and 12 accordingly, depending on derivatives of the matter and Liouville fields X, ϕ, bosonized ghost fields φ and χ and also on λ, ψ and their derivatives. The manifest form of these operators is irrelevant to us since the pieces proportional to ∼ ce χ in L a and to
+ (p) don't contribute to the overall correlator due to the ghost number selection rules. Similarly, the selection rules exclude the pieces proportional to ∼ ∂cce 2χ−φ and ∼ ∂cce χ+2φ in the expressions (44), (45) making it still cumbersome but not anymore insurmountable.
Holographic Spin 3 Vertex in AdS background: the computation
Using the results of the previous section, it is now straightforward to identify the correlator giving the AdS deformation of spin 3 vertex in the leading order:
where τ 1 = −i,τ 2 = i, the τ -integration is over the disc boundary and the z-integral is over the interior of the disc. In order to simplify the computations, the useful strategy is to first perform the conformal transformation from the disc to the upper half-plane using
. Then the integrand of the correlator (46) can be computed on the half-plane and then integrated in τ (which, upon the conformal transformation, becomes the integral over the real axis). Having done that, we shall conformally map the obtained expression back to the disc, in order to perform the z-integration over the disc's interior. So we start with the first step, that is, computing the integrand of (46) on the half-plane.
The contributions to this correlator are factorized in terms of ghost, ψ−λ and X-parts.
Let us start with the ghost part, given by
Note that, upon the conformal transformation (47) we have τ 1 = 0, τ 2 → ∞, so as usual,
we only need the leading order of this correlator in τ 2 (all others shall result in expressions with negative powers of τ 2 in the overall correlator, vanishing in the limit τ 2 → ∞ and corresponding to the pure gauge contributions) This means that we only should consider the contractions of the ghost polynomials P
2φ−2χ−σ (z) and P
2φ−2χ−σ (τ ) between themselves and with the ghost exponents e 3φ (τ ) e σ−3φ (τ 1 ) and e φ (z). First of all, we note that (as it is straightforward to check) the contractions between the ghost polynomials are limited to P
2φ−2χ−σ (z)P
2φ−2χ−σ (τ ) =: P
2φ−2χ−σ (τ ) :
Then correlator (48) can be computed using the associate ghost polynomial (AGP) technique, explained in [37] . The table of the relevant associate ghost polynomials for P (6) 2φ−2χ−σ is straightforward to compute and is given by (using the same notations as in [37] ):
Using (49) and the table (50) the ghost correlator (48) is straightforward to compute and is given by:
This concludes the calculation of the ghost factor of the overall correlator (46) . Next, we shall consider the matter factor of the correlator (46) . Structurally, the G(p) insertion contributes two different matter pieces: the first resulting from the L a -factor of G(p)
containing the matter factor proportional to L consists of two terms of the type
ranging from 1 to 3, 
in the dual vector model; note that
So let us concentrate on the 9-derivative case first and on its relevance to the With all these constraints imposed, it is straightforward to check that the only relevant 9-derivative contributions to the correlator (46) stem from the the second part of
a -factor , while the first one, with the L
a -factor, only gives rise to degenerate terms with m j , a j , b j -contractions. The reason is that the ψ-correlator pattern for all the terms involving L
a , has the form
leading to unwanted degenerate contractions because of the commonη m 2 m 3 factor.
Straightforward computation of the relevant matter (X + ψ)-part of the integrand of (46) involving L
a then gives
where we used the momentum conservation along with the on-shell conditions on the spacetime fields. The next step is to perform the integrations in τ and z. We start with the integral over τ which, upon the conformal transformation (47), is along the real line. As was mentioned above, a convenient choice for τ 1 is τ 1 = −i on the disc corresponding to τ 1 = 0 on the half-plane. The overall integral is given by
and we used the fact that the leading order ∼ τ 4 2 -factor of the ghost part of the correlator is cancelled by the leading order ∼ τ −4 2 -factor of its matter part. The τ integral in (46) looks tricky to evaluate. However, for our purposes we only need its asymptotic value in the field theory limit, that is, in the leading order of α ′ . In this limit the τ integral is dominated by contributions from the region τ ∼ z as the integrand becomes singular when z approaches the real axis. In this case, we shall use the asymptotic formula
The result (which is valid up to subleading α ′ -corrections) is given by the lengthy expression (function in z andz) presented in the Appendix. Finally, it remains to evaluate the z-integral of (62), (63). The integrand of (63) is cumbersome but structurally all of the terms are of the type:
where N 1,2,3 are some integer numbers, different for each of the terms entering (63). The integrals of the type (58) are over the upper half-plane and are still tedious to evaluate.It is therefore convenient, by using the overall conformal invariance of the overall correlator (46) to conformally map it back to the unit disc (z,z) → (u,ū) and introducing u = re iα for the disc coordinates.Then, the transformation (47) reduces the integrals of the type (58) to those of the generalized elliptic type:
)
The overall amplitude (46) is then given by the lengthy expression (63) described in the Appendix; the answer, however, simplifies in the field theory limit of α ′ → 0 Integrating the amplitude (46) over k 1 , k 2 , k 3 and p, using the momentum conservation in the 5-point amplitude that eliminates the integral over p, and recovering the α ′ and the cosmological constant factors, the asymptotics of (46) in the field theory limit gives:
where we skipped the contact terms (proportional to the delta-functions in the position space), used the zero torsion conditions (37), (40) relating ω 2|2 to ω 2|0 along with the onshell conditions for ω's and neglected the contributions in the subleading order in α ′ . The overall numerical factor in (60) is consistent with the one obtained in the three-point string amplitude of spin 3 particles in flat space, computed in [37] ; it can therefore be be absorbed by the appropriate rescaling of the vertex operators, making the normalization obtained from string theory, consistent with the one in the BBD vertex [42] . Then the normalization of (60) is consistent with the one in (52), (53) Next, evaluating the lower derivative terms in the amplitude (56) gives the answer proportional to
with the contact terms skipped. The explicit expression for I lower−der (k 1 , k 2 , k 3 )) is given in the Appendix; (61) particularly implies that, apart from the contact terms, the only lower derivative contribution to the overall amplitude (46) is proportional to the factor of ∼ 15 − 6q 2 which stems from q-independent and q-dependent L 
Conclusion and Discussion
In this paper we analyzed the AdS 4 /CF T 3 higher spin holography using stringtheoretic sigma-model describing gravity and higher spin perturbations around AdS background in the low-energy limit. We found that, in the leading order in α ′ and cosmological constant, the three-point correlator for spin 3 particles in AdS 4 reproduces the free-field correlator for the large N vector model in d = 3. Surprisingly, we found that this holographic correspondence appears to be related to the value of the Liouville background charge in d = 4 which allows for cancellation of the lower-derivative terms (up to contact terms), so the leading order of AdS string theory appears to be in agreement with Maldacena-Zhiboedov's proposal [16] , [17] . One definitely needs to check whether such a cancellation also holds for vertex operators for spins greater than 4 and for higher point correlators in the AdS 4 case. On the other hand , the lower derivative terms do persist in the three-point amplitudes for d = 4. This is the signal that the higher spin / CFT holography has more complicated character in higher dimensions, where the dual theories are no longer free. Moreover, even in AdS 4 the string theory corrections may definitely modify the limit in which Maldacena-Zhiboedov's theorem holds. We hope to implement these computations in the future papers. The results of this paper suggest that string the- be of crucial importance to unterstand the relation between string-theory formalism and the twistor space approach used by Vasiliev [18] to study the higher spin holography. This relation may probably, in some form or another, involve the modifications of twistor string theory developed by Witten [56] This altogether gives the list of problems to address in the future which of course is still very preliminary and incomplete.
Appendix
In this section we present explicit expressions for the amplitude (46) leading to the asymptotics (60). To abbreviate the expressions, we adopt the following notations:
Then the amplitude can be expressed covariantly in a convenient way, suppressing the indices, in terms of the variables a, b, c, d, f, g, h, k, q, t, u, L 1,2,3 . The evaluation of the τ integral then leads to the following answer: 
+b(−12742604k − 632218c + 1559205d))t + 30b 
with I p being the p-derivative pieces. The integration procedure is then identical to the one explained for the 9-derivative contribution. Introducing further convenient abbreviations:
2 )k
2 )k 
the asymptotics of the 7-derivative contribution is computed to give 
Next, to describe the 5-derivative piece, we shall adopt the notations: 
Then the asymptotics of the 5-derivative contribution is computed to give 
Finally, to describe the 3-derivative contributions (up to contact terms) we denote
Then the asymptotics of the 3-derivative contribution is computed to give
×{σ 1 (−10887660p + 30458284q + 41010562t) +σ 2 (10865492p − 30460944q − 41010934t)} + ...
This concludes the evaluation of I(k 1 , k 2 , k 3 ) factor describing the lower derivative contributions to the correlator (46), modulo contact terms.
